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I. Introduction 
The association of ribosomal subparticles into 
monomers is one of the general properties of bacterial 
ribosomes that has been more extensively investigated 
in the last few years. 
In 1959. TissiZres et al. [ 1 ] found that subunits 
form 30 S-SO S couples when the Mg’* concentration 
is increased up to 10 mM or higher. These results 
have been confirmed by other investigators and many 
studies on the equilibrium between the monomer 
and its subunits have now been reported [2-41. This 
equilibrium can also be shifted towards association 
by addition of polyamines [2, 5-71, some non-ionic 
agents such as ethanol and dioxane [8], or amino- 
glycoside antibiotics, such as neomycin [7, 9-I l] 
On the other hand ribosomal subparticles tend to 
associate at relatively low Mg2+ concentrations when 
they are attached to aminoacyl- or peptidyl-tRNA 
[12, 131. 
Recently we have described a new factor which 
produces the in vitro association of washed ribosomal 
subunits (free of aminoacyl- and peptidyl-tRNA) at 
3-5 mM Mg2+ [ 141. This association factor (AF) has 
been obtained by’extracting ribosomes of Bacillus 
stearothermophilus with a strong salt solution. AF 
will not only associate the ribosomal subunits 
obtained from thermophilic bacteria but also those 
of Escherichia coli. 
The splitting of 70 S monomers caused by dissocia- 
tion factor (DF) can be reversed by the addition of 
AF [ 141. It has been shown that following dissociation 
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of the 70 S ribosomes the DF remains bound to 30 S 
particles [O, 15, 161 . If DF has to be displaced by AF 
before reassociation of the subunits can occur, it is 
possible that the AF target is also the smaller sub- 
particle. 
In this paper we describe the interaction between 
AF and the ribosomal subunits, the steps in the asso- 
ciation process and a fractionation of AF into two 
components. 
2. Material and methods 
2.1. Culture conditions and preparation of ribosomes 
and AF 
E. coli D,, was grown at 37” in a medium M, [ 171 
with the addition of Casamino acids (2 g/l). B. stearo- 
thermophilus 1503-4R was grown at 65” in a Bacto- 
Pantone yeast hydrolysate medium [ 181. Both bac- 
teria were harvested and broken as previously reported 
[191. 
E. coli ribosomes were obtained from exponen- 
tially growing cells harvested after slow cooling, and 
were mostly in the form of 70 S particles [20] 
The suspended ribosomes were washed and disso- 
ciated by two repeated treatments of 1 hr in a solution 
containing 10 mM Tris-HCl (pH 7.8)-7.5 mM Mg 
acetate-l M KCl-4 mM 2-mercaptoethanol, followed 
by centrifugation at 165,000 g for 5 hr. The final 
pellet was resuspended in a small volume of buffer A 
(10 mM Tris-HCl, pH 7.8, 5 mM Mg acetate, 50 mM 
KC1 and 2 mM 2-mercaptoethanol) and the washed 
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subunits were isolated as already described [ 141 . 
When necessary subparticles were concentrated by 
centrifugation at 165,000 g for 10 hr and resuspen- 
sion in a convenient volume of buffer A. 
Association factor was obtained from ribosomes 
of B. stearothermophilus harvested at the stationary 
phase of growth as previously reported [ 141. These 
preparations were heated for 10 min at 80” to destroy 
any residual dissociating activity. 
The standard assay conditions and the method used 
to calculate percentage of association have been 
detailed previously [ 141 .
2.2. Binding of AF to 30 S or 50 S subunits 
The reaction mixture (1 ml) contained 10 mM 
Tris-HCl (pH 7.8) 5 mM Mg acetate, 50 mM KCl, 
2.5 mM dithiothreitol, 5-6 AZec, units of ribosomal 
subparticles (30 S or 50 S) and dialyzed association 
factor (0.4-2 mg of protein). After incubation for 
5 min at the indicated temperatures, the tubes were 
chilled to 0” and each sample was submitted to filtra- 
tion through a Bio-Gel A-O.5 m column (1 .O X 2 1 .O cm) 
equilibrated with buffer A. The elution was accom- 
plished with the same buffer solution; fractions con- 
taming ribosomes were detected by the absorbance at 
260 nm, pooled and stored in the refrigerator. They 
were subsequently used in the partial reaction of 
association. 
2.3. Gel filtration of AF 
A preparation of AF (0.4 ml containing about 
1 mg of protein) was applied to a Sephadex G-25 
column (0.4 X 30 cm) previously equilibrated with 
buffer A. The column was washed and eluted with the 
same buffer and fractions corresponding to molecules 
either completely excluded (AFI) or included (AFIt) 
were pooled separately and stored at -20”. (The 
Sephadex column was calibrated with blue Dextran 
and NaCl as markers for totally excluded and included 
substances, respectively). 
3. Results and discussion 
The association of ribosomal subparticles induced 
in vitro by AF could proceed either as a single step or 
through a complex process involving several steps. To 
determine whether AF binds to one of the subunits 
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Fig. 1. Ribosomal binding of AF. Sedimentation profiles of 
samples obtained after association of subunits with or with- 
out previous binding of AF; (a) and (b) contained 30 S and 
50 S particles incubated for 5 min at 45” in the absence and 
in the presence of AF (40 fig of protein), respectively. (c) 
30 S subunits were preincubated at 55” with AF, and after 
filtration through Bio-Gel A-0.5 m, the excluded fractions 
were incubated for 5 min at 45” in the presence of 50 S 
particles; (d) as in (c), but performing the binding step with 
50 S subunits, and the association after the addition of small 
subparticles. All other conditions were detailed in Methods. 
before the association, the 30 S and 50 S particles 
were separately incubated with AF and submitted to 
filtration through Bio-Gel A-O.5 m in order to 
eliminate the excess of free AF. The excluded fractions, 
containing any of the ribosomal subunits with or 
without AF attached to them (but no free AF) were 
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Fig. 2. Partial reaction of association at different temperatures, 
The binding step was performed as in fig. 1 with 30 S 
(U) or 50 S (w ) particles and followed by associa- 
tion at the indicated temperatures. 
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Fig. 3. Partial reaction of binding at different temperatures. 
Binding step carried out with 30 S subunits in the presence 
(u) or absence ( -7) of AI: at the indicated 
temperatures was followed by association at 0”. All other 
conditions as in Methods. For comparison the temperature 
curve of the whole association process (- - - - -), taken from a 
previous work [ 141, is included. 
incubated in the presence of the other subparticle 
and the association was measured afterwards by 
sucrose gradient centrifugation analysis (fig. 1). This 
experiment clearly showed that AF binds, at least 
functionally, to 30 S but not to 50 S subunits as 
association occurred only with the assumed (30 S-AF) 
complex (fig. lc) suggesting either a low affinity of 
AF for the 50 S particle or a non-active (50 S-AF) 
complex. In our conditions the analysis by sucrose 
gradient centrifugation cannot distinguish between 
free 30 S subunit and the small subparticle with AF 
attached to it; both these species gave identical peaks 
in the ribosomal profiles. 
After the resolution of the association process into 
partial reactions of binding and association we have 
been able to study some requirements of each separate 
step. It became clear that the partial reaction of associa- 
tion is not temperature dependent between 0” and 40” 
(fig. 2). However, it decreased at higher temperatures, 
possibly due to a relative instability or a partial in- 
activation of the isolated complex (30 S-AF) when 
heated above 40” without an excess of free AF. 
Since the association step was maximal at low 
temperature, we have investigated the temperature 
dependency of the binding followed by association at 
0” (fig. 3). Similar results, though with somewhat 
different yields, were obtained whether or not the 
(30 S-AF) complex had been isolated by gel filtration 
after the binding. In the first case the association 
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Fig. 4. Fractionation of AF. Sedimentation patterns of mix- 
tures incubated at 55”. Standard assay conditions as described 
in Methods. Reactions were performed in the absence of AF 
(a) and with the addition of 10 ~1 of AFJJ (b), 10 ~1 AFJ (c), 
or 10 gl AFJJ + 10 btl AFl (d). 
amounted to 50% whereas in the second was 70-100% 
of the association values obtained by incubating all 
components together. These results could indicate 
that the presence of free AF in excess would stabilize 
the complex (30 S-AF) by shifting the equilibrium 
towards the binding and would also increase the 
saturation level of binding sites for AF on the 30 S 
subunit. On the other hand the temperature curve of 
the binding is very similar to that of the whole asso- 
ciation process (fig. 3), although the particular 
absolute values are not identical probably due to the 
different preparations and experiments. 
We have ruled out the possibility that the tempera- 
ture dependent step was some conformational change 
of the free 30 S particles required to promote sub- 
sequent reactions, because the incubation of the small 
subunit at 55” followed by addition of AF and 50 S 
subparticles at 0” gave little or no association 
(M.G.P., unpublished results). 
When AF was submitted to gel filtration through 
Sephadex G-25 it separated into two components: the 
excluded fraction AF, and the included AFI, which 
act in different steps of the association process. Fig. 4 
shows that fraction AF,, can induce the association of 
subunits to an “intermediate” or unstable form which 
appears as a shoulder in the sucrose gradient ribosomal 
profiles (fig. 4b). This peak could be the result of a 
partial dissociation during centrifugation [21] or a 
shift of the dynamic equilibrium between couples and 
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Fig. 5. Ribosomal binding of fraction AFII. Sucrose gradient 
sedimentation profiles of subunits submitted to association 
in two steps (a) Control mixture without AF incubated at 
55”. (b) Binding of 30 S particles and AFII at 55”, and filtra- 
tion through Bio-Gel were carried out as in fig. 1; after addi- 
tion of 50 S subunits and AFl (40 ng protein) the partial 
reaction of association was done at 0”. (c) Similar to (b), but 
the binding was performed with 50 S particles and AFII fol- 
lowed by the second step after addition of 30 S subunits + AFI 
free subunits [22]. On the other hand fraction AF,, 
with no activity by itself*, is able to produce a 
relatively stable form of 30 S-50 S couple, when 
added after or together with fraction AF,, (fig. 4c and 
4d). 
Further experiments have indicated that AF, is 
sensitive to trypsin digestion whereas AF,, is resistant 
to the same treatment (N.S.G., unpublished results). 
Fraction AF,, binds readily to 30 S but not to 50 S 
particles (fig. 5b and 5~). It was found that this binding 
is temperature dependent in the same way as described 
above for the unfractionated AF. 
Other preliminary studies have shown that AF, is 
able to complete the association at 0” as well as at 
higher temperatures. AF, apparently does not bind to 
any of the free subunits; however it might become 
attached to the (30 S-AF,,) complex. 
From our results we conclude that the association 
of ribosomal subparticles is accomplished in two 
steps: a) binding of AF to 30 S subunit and b) forma- 
tion of 30 S-50 S couples. 
Fractionation of AF by gel filtration gave a relative- 
* Some preparations of AFI contained a small amount of 
associating activity. 
ly high molecular weight protein (AFI), and a low 
molecular non-protein component (AFIr). The latter 
fraction has the binding properties of the complete AF 
and is able to induce the association to an “inter- 
mediate” or unstable form of 30 S-50 S complex, 
which can be then converted into the final product 
of the association process through the action of AF,. 
Acknowledgements 
We thank Professor L.F. Leloir, Dr. J.A. Webb and 
all members of the Instituto de Investigaciones Bio- 
quimicas for helpful discussions. This work was sup- 
ported by grants from the Consejo National de 
Investigaciones Cienti’ficas y Tecnicas (Argentina) and 
the Universidad de Buenos Aires. M.G.P. has been a 
research associate of the Organization of American 
States during part of this work. N.S.G. and I.D.A. are 
career investigators of the Consejo National de 
Investigaciones Cientificas y Te’cnicas (Argentina). 
References 
111 
I21 
131 
[41 
(51 
161 
[71 
[81 
191 
[lOI 
ill1 
[I21 
1131 
[I41 
A. Tissieres, J.D. Watson, D. Schlessinger and B.R. 
Hollingworth, J. Mol. Biol. 1 (1959) 221. 
S. Pestka, J. Biol. Chem. 241 (1966) 367. 
A.S. Spirin, B. Sabo and V.A. Kovalenko, FEBS Letters 
1s (1971) 197. 
P. van Diggelen, H.L. Heinsius, F. Kalousek and L. Bosch, 
J. Mol. Biol. 55 (1971) 277. 
N. Silman, M. Artman and H. Engelberg, Biochim. Bio- 
phys. Acta 103 (1965) 231. 
S.J.S. Hardy and G. Turnock, Nature New Biology 229 
(1971) 17. 
E.B. Lishnevskaya, U.I. Gelfand and A.S. Spirin, 
Doklady Akad. Nauk. SSSR 199 (1971) 712. 
A.S. Spirin and E.B. Lishnevskaya, FEBS Letters 14 
(1971) 114. 
M. Garcia-Patrone, C.A. Perazzolo, E. Baralle, N.S. 
Gonzalez and I.D. Algranati, Biochim. Biophys. Acta 
246 (1971) 291. 
A. Herzog, Biochem. Biophys. Res. Commun. 15 (1964) 
172. 
A.D. Wolfe and F.E. Hahn, Biochem. Biophys. Res. 
Commun. 31 (1968) 945. 
D. Schlessinger, G. Mangiarotti and D. Apirion, Proc. 
Natl. Acad. Sci. U.S. 58 (1967) 1782. 
N.V. Belitsina and A.S. Spirin, J. Mol. Biol. 52 (1970) 45. 
M. Garcia-Patrone, N.S. Gonzalez and I.D. Algranati, 
Proc, Natl. Acad. Sci. U.S. 68 (1971) 2822. 
129 
Volume 24, number 1 FEBS LETTERS July 1972 
[lS] A.R. Subramanian, E.Z. Ron and B.D. Davis, Proc. 
Natl. Acad. Sci. U.S. 61 (1968) 761. 
(161 S. Sabol and S. Ochoa, Nature New Biology 234 (1971) 
233. 
[ 17 J R.C; Clowes and W. Hayes, Experiments in Microbial 
Genetics (Blackwell Scientific Publications, Oxford, 
1968) p, 187. 
[ 181 N.S. Gonzalez, S.H. Goldemberg and I.D. Algranati, 
Biochim. Biophys. Acta 166 (1968) 760. 
[lP] E.G. Bade, N.S. Gonzalez and I.D. Algranati, Proc. 
Natl. Acad. Sci. U.S. 64 (1969) 654. 
[20] I.D. Algranati, N.S. Gonzales and E.G. Bade, Proc. Nat1 
Acad. Sci. U.S. 62 (1969) 574. 
[2I] A.A. Infante and R. Baierlein, Proc. Natl. Acad. Sci. 
U.S. 68 (1971) 1780. 
[22] AS. Spirin, FEBS Letters 14 (1971) 349. 
